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Hydrodynamic Expansion of Pellicles
Caused by e-Beam Heating

Darwin D.-M. Ho
Summary

Placing a pellicle in front of a x-ray converter target for radiographic applications
can confine the backstreaming ions and target plasma to a shorter channel so that the
cumulative effect on e-beam focusing is reduced. The pellicle is subject to heating by e-
beam since the pellicle is placed upstream of the target. The calculation of the
hydrodynamic expansion, caused by the heating, using the radiation hydrodynamics code
LASNEX is presented in this report. Calculations show that mylar pellicles disintegrate at
the end of a multi-pulse intense e-beam while beryllium and carbon pellicles remain
intact. The expansions for the kapton-carbon multi-layered targets are also examined.
Hydrodynamic expansions for pellicles with various e-beam spot radii are calculated for
DARHT-II beam parameters. All the simulation results indicate that the backstreaming
ions can be stopped.

Description of the LASNEX Simulations and Discussion of the Results

We have performed LASNEX simulations for pellicles heated by e-beams. The
pellicles have a thickness of 5 um. The pellicles can be fabricated from various materials,
e.g., mylar, beryllium, carbon, and kapton. The pellicles can be either single, double, or
triple layer made of different materials. The simulations are performed with parameters
for the DARHT-II multi-pulse beams. In the simulations, the material strength of the
pellicle is represented by a negative pressure in the eos table.

The amount of energy deposited in the pellicle by the e-beam is calculated by Jim
McCormick using the Monte Carlo code. The values of the energy deposited in various
pellicle materials with thickness of 5 pm are listed in the following table.

Pellicle Electron Energy deposited
material energy (MeV) | (MeV/electron)
Mylar 6.0 1.0e-3

20.0 9.9¢e-4
Beryllium | 6.0 1.13e-3

20.0 1.10e-3
C 1.0 1.62e-3

2.0 1.54e-3

6.0 1.53e-3

1200 ] Sle-3

Kapton 6.0 9.9¢e-4

20.0 9.8¢-4




DARTH-II Beam Parameters

The multi-pulse beam for DARTH-II consists of three pre-pulses and a main pulse.
Each pulse is separated by a time interval of 600 ns and the total length of the entire pulse
train is about 2.02 us. The first two pre-pulses are identical. The total pulse length for
each of these pulses is 26 ns with 5 ns for the rise and 5 ns for the fall time. The third
pulse has a total pulse length of 44 ns with the same rise and fall time as the previous
pulses. The last pulse has a pulse length of 130 ns with the same raise and fall time. The
current is 2 kA for all the pulses and the electron energy is 20 MeV. The total energy
delivered by the pulse train is about 9 kJ. The thermal conductivity for the various
materials used in the simulations are obtained from Ref. 1. In all the simulations reported
in this memo, the maximum temperature reached in the pellicle is sufficiently low that no
ionization of the pellicle material is observed.

Hydrodynamic Simulations

We now discuss the hydrodynamic behavior of various pellicles made of different
materials.

1) Mylar pellicle (room temperature density p = 1.39 g/cm?, and composition by
fraction of number density --- 0.364 H, 0.454 C, 0.182 O)

The initial mesh configuration of the five-micron thick mylar pellicle used for
LASNEX simulations is shown in Fig. 1a. The energy deposited in the mylar pellicle
vs time is shown in Fig. 2. The total energy deposited into the pellicle is about 0.6 J.
For the case with e-beam FWHM spot size of 6 mm, the temperature and density vs
time- plots for the location at the center of the pellicle are shown in Figs. 3a and 3b,
respectively. As shown in Fig. 3, at the end of the final pulse at 2.02 s, the density at
the center of the pellicle drops to about 1.05 g/cm® and the temperature reaches about
230°C, which is around the boiling point for mylar. (The melting temperature for
mylar depends on the material density and temperature. For example, in room
temperature of 25°C and solid density, the melting temperature T,, = 450°C. As the
temperature increases, the solid expands. At T = 240°C with p = 1.05 g/cm’, T, drops
to about 230°C.) The configuration of the pellicle at 2.05 us is shown in Fig. 1b
which shows the pellicle remains intact at the end of the mult-pulse despite of the
thermal expansion.

However, if the FWHM spot size is reduced to 3 mm, then the pellicle starts to
disintegrate during the final pulse. The temperature and density vs time plots, at the
center of the pellicle, along the axis are shown in Fig. 4a and 4b, respectively. Figure
4a shows that the maximum temperature does not exceed 350°C since at this
temperature, the pellicle starts to expand rapidly and the expansion brings down the



2)

3)

4)

material temperature. The configuration of the pellicle during the final pulse at t =
1.9, 1.95, and 2.02 ps are shown in Figs. 5a, 5b, and 5c¢, respectively.

Although the pellicle expands rapidly during the final pulse, the value of pr (ie.,
[pdz) along the axis remains essentially unchanged. Therefore, the hydro-expansion
should have almost no effect as far as ion stopping is concerned.

Beryllium pellicle (room temperature density p = 1.858 g/cm?)

The total energy deposited into the beryllium pellicle is about 0.66 J. For the case
with spot size of 3 mm, the density at the center of the pellicle drops to about 1.7
g/cm’ and the temperature reaches about 1700°C at the end of the final pulse at 2.02
us. This temperature is below the boiling temperature of about 2500°C for beryllium
and the pellicle remains intact at the end of the pulse. The temperature and density vs
time plots, at the center of the pellicle, are shown in Fig. 6a and 6b, respectively. The
final temperature in the beryllium pellicle is substantially higher than that for mylar
pellicle. This is because beryllium has a much lower specific heat than mylar.

Carbon pellicle (room temperature density p = 2.25 g/cm’)

The total energy deposited into the carbon pellicle is about 0.9 J. For the case with
spot size of 3 mm, the density at the center of the pellicle drops to about 1.9 g/cm’
and the temperature reaches about 2300°C at the end of the pulse. This temperature is
below the boiling temperature of about 4800°C for carbon at p = 1.9 g/cm’® and the
pellicle remains intact at the end of the pulse.

Kapton-carbon “k-¢” multi-layered pellicles (kapton room temperature density p =
1.4 g/em?)

There are concerns that carbon pellicles with thickness of 5 tm may be difficult
to fabricate. One way to get around this difficulty is to coat carbon on a kapton thin
film.

The initial mesh configuration of the k-c pellicle is shown in Fig. 7. The kapton
and carbon layers have equal thickness of 5 pum. The total energy deposited into this
layered pellicle is about 1.5 J. The maximum temperatures inside the kapton and
carbon layers reach about 2300 and 600°C, respectively. The carbon temperature is
below the boiling but the kapton temperature has reached the boiling point and the
kapton layer starts to expand rapidly during the final pulse. The configuration of the
pellicle at the end of the pulse at 2.02 s is shown in Fig. 8a and the corresponding
density profile along the axis is shown in Fig. 8b. Although the carbon layer is being
pushed to the right by the expansion of the kapton layer, the carbon layer remains
intact.



5) Kapton-carbon-kapton “k-c-k” multi-layered pellicles

In this configuration, the kapton films are placed on both sides of the carbon
pellicle. The initial mesh configuration of the k-c-k pellicle is shown in Fig. 9a. The
kapton and carbon layers have equal thickness of 5 pm. The total energy deposited
into this layered pellicle is about 2.1 J. The maximum temperatures inside the layers
are similar to those in the k-c pellicle. As shown in Fig. 9b, the carbon layer remains
intact at the end of the pulse and the position remains stationary since there are
kapton layers on both sides of the carbon layer.

Conclusion

Simulations show that all the pellicles, except for the one made of mylar, remain
intact at the end of the multi-pulse exposure. Despite there is rapid hydro-expansion of
the mylar pellicle, the pr is essentially constant. Therefore, all the pellicles studied here
should be able to stop backstreaming ions. However, electron scattering is material
dependent. Therefore, an additional consideration for choosing the right material is to
pick the material that can minimize the electron scattering.

Reference:

1) Thermal Properties of Materials: The TPRC Data Series, IFI/Plenum, New York-
Washington, 1970.
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